Abstract. Many studies in the field of knowledge management indicate that enterprises and organizations establishing systematic sharing, transfer and reuse of knowledge can expect substantial benefits. Although sharing and transfer of knowledge requires a way to transfer or capture knowledge, not much work has been spent in investigating what kinds of reuse techniques are used in organizations. Starting from a classification of approaches to knowledge reuse, this paper investigates the state of knowledge reuse in production networks with a specific focus on networks of small and medium-sized enterprises (SME). The aim of the paper is twofold: for production networks, the intention is to investigate which kind of reusable knowledge, in terms of the classification developed, is most relevant for such networks; for the approach to the classification of knowledge reuse techniques, the aim is to further refine the approach and validate it in the field of production network research. The main contributions of this paper are (1) an analysis of reuse situations in SME networks, (2) evaluation of the proposed approach to the knowledge reuse classification for use in the reuse situations and (3) further refinement and validation of the classification approach.
Introduction.
In the field of knowledge management, various studies have been carried out in order to determine preconditions, structures, procedures and best practices for successfully implementing systematic management of knowledge in organizations (see, e.g. [1] [2] [3] ). The results of these studies indicate that enterprises and organizations establishing knowledge management structures can expect advantages and benefits, like reducing problem-solving time, faster delivery to market, cost reduction for specific activities [4] , more effectivity in design for manufacturing [5] , or better internal communication and increased staff participation [6] . The belief is that systematic development and reuse of knowledge will contribute to improving competitiveness of an enterprise [7] . Methods, tools and technologies used in this field stem from different areas of computer science and business information systems, among them knowledge engineering [8] and enterprise knowledge modelling [9] which offer means for capturing knowledge in defined representations in order to support the entire lifecycle of organizational knowledge management. Work presented in this paper focuses on a specific aspect of knowledge management and knowledge engineering: knowledge prepared for reuse.
The work brings together experiences in knowledge management for production networks and previous work on knowledge reuse and classification of reuse approaches [10] . Production networks in general are a cross-enterprise organization structure implementing and managing distributed value creation and product/service delivery in a coordinated and often geographically distributed partner structure. Knowledge management for such networked structures has been investigated before which showed that specifics and needs for SME networks have not been extensively investigated (see Section "Background"). In this paper, the focus will be on such SME networks.
Experiences from industrial projects show that selecting the appropriate approach from the multitude of knowledge reuse techniques is difficult for practitioners (see, e.g. [11] ). In our previous work we developed a classification of knowledge reuse approaches with clearly defined criteria motivated from industrial practice in order to assist selection of a suitable approach for a given knowledge reuse situation [10] . The aim of the paper is twofold: for production networks, the intention is to investigate which kind of reusable knowledge, in terms of our classification approach, is most relevant for such networks; for the classification approach of knowledge reuse techniques, the aim is to further refine it and validate it in the field of production network research. The main contributions of this paper are (1) an analysis of reuse situations in production networks with specific focus on SME, (2) evaluation of the developed knowledge reuse classification for use in the reuse situations and (3) further refinement and validation of the classification approach.
From a research method perspective, our work includes several stages for investigating the above research issue. The first stage is a literature review of knowledge management in production networks with the intention, to identify examples for knowledge reuse cases. The second stage is to apply the classification approach for knowledge reuse on the results of the literature study in order to evaluate its applicability and identify improvement potential. The third stage is to use the results of the classification in order to derive conclusions regarding the techniques for knowledge reused applied in SME production networks.
The remaining part of this paper is structured as follows: The next Section will give background information on production networks and knowledge reuse including different interpretations of the term as such. The third Section summarizes the classification approach for knowledge reuse developed in earlier work. It follows a Section that presents the results of the literature study on knowledge reuse in production networks and an example for knowledge reuse in an actual SME network. The literature study results and the example are analyzed from a classification perspective. In the fifth Section the classification approach is validated. The sixth Section contains a discussion about the kinds of knowledge reuse techniques considered most relevant for production networks. The final Section summarizes the findings and discusses future work.
ed (see, e.g., [16, 17] and [50] ). The majority of these cases stems from large companies, or from IT-intensive middle-sized or small enterprises. Existing studies about IT use in SMEs, like [18] , do not cover knowledge reuse techniques sufficiently. Drawing conclusions from experiences of larger enterprises with regards to SMEs is not appropriate, as SMEs have their own characteristics [19] : SMEs often belong to the "late adopters" of new technology, i.e. they prefer mature technologies, which are easy to deploy, use and maintain. SMEs show a clear preference for to a large extent standardized processes and solutions. Innovation projects in SMEs typically have to contribute to business value within a short time frame.
2.2. Knowledge Reuse in Knowledge Management and Knowledge Engineering. Research in knowledge reuse is performed in various disciplines including economic sciences, psychology, engineering sciences or education sciences. In the scope of this paper with its focus on IT-related approaches and techniques, we will focus on computer science and business information systems. It is important to understand related areas in order to position knowledge reuse with respect to related work. Many approaches for knowledge reuse either originate from research on knowledge management or from knowledge engineering. Both areas aim at supporting the "lifecycle" of knowledge from inception to use and both include technological and methodical approaches.
The most relevant areas related to knowledge reuse are  Knowledge management systems from an organizational perspective. These systems describe how to establish systematic knowledge management in an organization in terms of activities and organizational structures required. Well-known approaches sin this area are the "building block" model proposed by Probst et. al. [20] and the SECI model [21] ,  Knowledge management systems from a technology perspective, i.e., IT-systems supporting organizational knowledge management, organizational memory [51] and decision support [48] . In this area, Maier et al.'s architecture proposal [22] for such systems and the differentiation between various knowledge services as components of this architecture is often applied.
 Knowledge representation techniques defined how explicit knowledge should be stored, e.g. as a knowledge base for different applications. [23] provides an overview to such techniques from computer science.
 Knowledge fusion addresses the question how to create new explicit knowledge from various knowledge sources [49] , which often have different abstraction levels. [24] includes an overview to existing techniques in this field.
 Organizational situations for knowledge reuse were identified my Markus [25] . Knowledge about these situations supports the design of knowledge representation techniques and organizational practices.
 Evaluation of knowledge and knowledge management systems aims at deciding whether knowledge is useful for an organization and what the value is. Two selected approaches in this field are Delone and McLeans's IS success model [26] and Jennex and Olfman's approach [27] .
Our past research work included activities which contributed to both, the organizational aspects of knowledge management and knowledge representation, and the technical aspects of these fields. Regarding the organizational aspects, this included capturing organizational knowledge in enterprise models [28] , enterprise knowledge models or organizational knowledge patterns [29] . The more technology-oriented work was in the field of ontology patterns [30] and ontology engineering practices [31] .
During our previous work on knowledge reuse techniques, we performed an analysis of related work for the organizational aspects of knowledge reuse and for the more technology-oriented aspects of this field. During this related work analysis, which is published in [31] [32] [33] [34] , many different techniques were discovered which either explicitly stated that they were designed for knowledge reuse or which due to their application context have to be considered as part of this field.
3. Criteria for Comparing Knowledge Reuse Approaches. The different perspectives and the variety of approaches for knowledge reuse discussed in the previous Section were an important motivation for the development of a classification approach for knowledge reuse techniques, which was first published in [10] . This approach is based on the analysis of literature in the field of knowledge management and knowledge engineering (see previous Section), on own work in developing knowledge reuse techniques and methods and experiences in industrial application of knowledge reuse. This Section summarizes the proposed such a classification which consists of a number of criteria for comparing knowledge reuse approaches. The main purpose of these criteria is to support interested researchers and practitioners in navigating through the wealth of reuse approaches being published in the scientific literature.
The proposed criteria are discussed in the following parts of this Section: -Reuse techniques -Reuse situations -Capacity of knowledge representation -Addressee of knowledge -Scope of the knowledge -Phase of solution development -Validation status The selection of the above criteria was guided by the intention to represent different and complementary aspects of knowledge reuse from an organizational and a technological perspective. The criteria reuse situation, addressee of knowledge, validation status and phase of solution development are directed towards organizational aspects, whereas reuse technique, capacity of knowledge representation and scope address technological aspects. This set of criteria probably is not exhaustive, i.e., definition of additional criteria is possible and application of the criteria set is expected to show what additional ones are recommendable (see also Section 5).
All criteria aim at sorting knowledge reuse approaches into categories with respect to the criteria under consideration, i.e., all criteria contain a list of categories to be used. In case none of the given categories is applicable when using one of the criteria for a certain reuse approach, the additional category "other" should be used. Such a case would call for a discussion about an extension of the above classification scheme.
3.1. Reuse Techniques. In general, a technique denotes "practical method or art applied to some particular task". In the context of knowledge reuse, we propose to consider techniques form computer science developed as means to facilitate reuse. Based on the literature search mentioned in the previous Section, we identified four techniques frequently used in knowledge reuse which are summarized in Table 1 . The question to be answered for this criterion when classifying a knowledge reuse approach is: "For what knowledge reuse situation has the knowledge reuse approach been designed?" 3.3. Capacity of the Knowledge Representation. This criterion is based on Alan Newell's work on knowledge levels. For Newell, knowledge is that which an observer ascribes to an intelligent agent (human or machine) that allows the observer to construe the agent's behavior as rational, i.e. behavior that allows the agent to achieve its perceived goals [35, 36] . Newell emphasizes that knowledge is an abstraction that cannot be written down. Data structures that we might use to encode knowledge in a computer knowledge base are not equivalent to the knowledge (the capacity for behavior) that those data structures represent. We are able to use data structures (symbols) to represent knowledge in a knowledge base, but those symbols cannot generate intelligent behavior -unless some process is applied to those symbols. This means we have to distinguish the symbols in a knowledge base (knowledge representation) from the knowledge (capacity for rational behavior) that the symbols can be used to generate.
Sharing and reuse of knowledge according to Newell requires specific preconditions. Knowledge bases have meaning only when they are processed by some interpreter -either by a computer program or by our own minds. We cannot share and reuse knowledge bases if we do not also share and reuse the inference engines (or mental processes) that bring our knowledge bases to life. Although we may speak of transferring "knowledge" from one site to another, we can at best transfer knowledge bases. We design our knowledge bases so that they can be processed to produce intelligent behavior. According to Newell, the area of problem solving is one of the application fields for sharing and reuse of knowledge. Sharing knowledge about problem solving requires a format for knowledge representation; a shared vocabulary; a conceptual model; and a process to be performed by the interpreter using the knowledge base.
Capacity reflects how much of a problem solving task can be represented by the knowledge reuse approach under consideration, i.e., how "powerful" is the reuse approach when it comes to capturing all parts of the relevant knowledge. Regarding the capacity of the knowledge representation the levels summarized in Table 3 are distinguished. process reuse according to Newell, the knowledge representation alone is not sufficient to capture knowledge but there has to be an interpreter (which can be a machine or the mental process of the human) using what is represented. If the knowledge reuse approach allows for representing the process to be performed by interpreter independent of knowledge representation format but dependent on the interpreter, it has the capacity of process reuse problem solving reuse the highest capacity level is reached, if the process to be performed by an interpreter can be represented independent of the knowledge representation format and independent of the interpreter It should be noted that the above levels of knowledge representation are building on top of each other, i.e., "reusable lexicon / shared vocabulary" requires "knowledge representation format"; "shared conceptual model" requires "reusable lexicon / shared vocabulary" and "knowledge representation format"; etc.
The question to be answered for this criterion when classifying a knowledge reuse approach is: "What capacity does the knowledge representation underlying the reuse approach provide?" 3.4. Addressee of knowledge. The addressee of knowledge captured by a reuse approach can be considered as the target group which is supposed to use the knowledge.
Most reuse approaches capture knowledge which is meant to be used by an individual in her/his work context, but there are also knowledge reuse approaches suitable for organizational knowledge only. With this criterion, we aim to distinguish whether the knowledge reuse approach under consideration is meant for. The potential addresses are summarized in Table 4 . The questioned to be answered for this criterion when classifying a knowledge reuse approach is: "What is the main target group of the knowledge provided by the reuse approach?" 3.5. Scope of the knowledge. In the context of knowledge management, approaches for reusing knowledge often focus on specific perspectives of enterprise knowledge, like knowledge about processes or about products. The criteria "scope of knowledge" addresses this fact and aims at classifying knowledge reuse according to these perspectives. We propose to base this criterion on work from enterprise knowledge modelling. In general terms, enterprise modelling is addressing the systematic analysis and modelling of processes, organization structures, products structures, IT-systems or any other perspective relevant for the modelling purpose [37] . Enterprise knowledge modelling combines and extends approaches and techniques from enterprise modelling. The knowledge need-ed for performing a certain task in an enterprise or for acting in a certain role has to include the context of the individual, which requires including all relevant perspectives in the same model. Thus, an essential characteristic of knowledge models are "mutually reflective views of the different perspectives included in the model" [9] . As a best practice for capturing such mutually reflective views, the POPS* perspectives were proposed: the enterprise's processes (P), the organization structure (O), the product developed (P), the IT system used (S) and other aspects deemed relevant when modelling (*) [38] .
Based on this best practice, the criterion is supposed to capture, what the main scope of the knowledge in the knowledge reuse approach is. The different options are shown in Table 5 .
The questioned to be answered for this criterion when classifying a knowledge reuse approach is: "What is the scope of the knowledge captured by the knowledge reuse approach?" Table 5 . Scope of knowledge distinguished in the classification approach Scope Description Product the knowledge concerns about a product. It should be noted that a product of an enterprise does not have to be a physical product but can be a service provided to a customer, i.e., it can be a "service product" IT solution or artefact the knowledge is related to an IT solution or artefact within the solution development process Process the knowledge is explicitly addressing a process or a way to perform certain activities in an organization e Organization structure the knowledge is about organization structures, e.g. how to implement certain roles, positions or structural characteristics 3.6. Phase of solution development. Both in knowledge management and in knowledge engineering, the introduction or development of systems or solutions to given problems happen in a systematic way, which is reflected in development phases. Many knowledge reuse approaches were designed for a specific development phase. The purpose of the criterion is to determine in which solution development phase the knowledge reuse approach under consideration is supposed to be useful or applicable. We distinguish between 7 traditional phases, which for example are reflected in software engineering approaches, like Boehm's spiral model [39] . These phases are explained in Table 6 .
The questioned to be answered for this criterion when classifying a knowledge reuse approach is: "For what phase of the solution development process situation has the knowledge reuse approach been designed?" 
Validation Status of the Approach.
The validation status of the reuse approach is considered an important criterion in order to, e.g., judge the suitability of the approach for use in industrial practice. Our assumption is that the more an approach has been validated in theory and practice, the more mature and useful it is. Among the many scientific approaches for validating research results, we base our proposal for judging the validation status on the work of Lincoln and Guba ( [40] , p. 289 ff.) on "naturalistic inquiry". On the one hand, we distinguish between theoretical and practical validation. Theoretical validation means assessing an approach within the theories of the domain the approach is part of or supposed to contribute to. In the context of knowledge reuse, this means to assess the soundness, feasibility, consistency within the body of knowledge in, for instance, knowledge management and knowledge engineering. Practical validation encompasses all kinds of application of the approach for validation purposes, which requires defined procedures and documenting results.
This could be simple lab examples illustrating the approach, controlled experiments in a lab setting, application in industrial cases, etc.
On the other hand, we consider the context of validation and distinguish between validation by the developers of the approach in their internal environment, validation by the developers outside the internal environment, and validation by other actors than the developers. Combining these two perspectives leads to a two by three matrix, which is depicted in Table 7 . The cells of this Table show typical ways of validation for the different combinations of the two perspectives. Using the above matrix, information about the knowledge reuse approaches has to be used to determine where to position the validation status for the reuse approach in the matrix. Usually, validation starts on the "internal, development team" level with validation in theory followed by validation in practice, and proceeds "downward" in the matrix with alternating theory and practice validation to "external, in application context". Thus, the highest validation status would be reached if all cells in the matrix were covered.
The questioned to be answered for this criterion when classifying a knowledge reuse approach is: "What validation status does the knowledge reuse approach have?"
4. Knowledge Reuse in SME Production Networks. This Section focuses on an analysis of knowledge reuse situations in production networks in general and networks of small and medium-sized enterprises (SME) in particular. This analysis consists of two parts: in the first part, a literature analysis regarding knowledge reuse is described. In the second part, an example for an industrial network is presented and analyzed.
4.1. Literature Analysis. The literature analysis performed for this paper followed a systematic process described by Kitchenham [41] . Starting point was the definition of research questions guiding the systematic literature analysis. In our case the main questions were:  RQ1: What scientific work has been done on knowledge reuse in production networks?
 RQ2: Using the classification approach presented in the third Section, what knowledge reuse techniques have been described in the published work?
In the next step, the literature sources to be analyzed had to be defined. Since knowledge reuse and knowledge management are interdisciplinary subjects, literature sources from computer science and information systems were included. We analyzed SpringerLink, IEEE xplore, AISeL and ScienceDirect. In the search term we included knowledge management and not only knowledge reuse to make sure that papers were selected which did not explicitly mention the term reuse. Furthermore, in addition to production network, we also included terms commonly used as a synonym or generalization. The final search term used in all literature databases was as follows:
(
"Knowledge Management" OR "Knowledge Reuse") AND ("Production Network" OR "Manufacturing Network" OR "SME-network" OR "SME-cluster" OR "SME network" OR "SME cluster" OR "Networked Organization" OR "Networked Organization")
The search was performed in title, abstract and keywords or metadata. The list of hits in each literature database was analyzed paper by paper. In this step, only those papers were selected which described a knowledge reuse technique or examples, organization structures or practices for reuse. Table 8 shows the number of papers retrieved. At the end of this process, only 6 papers remained for further analysis. Many hits had to be excluded because they were not addressing production networks but single organizations or because they used knowledge management and knowledge reuse only as a motivation for the development of a very specific system or technology without showing applicability or real-world use. Table 9 presents the papers which were analyzed in detail. Analysis of the retrieved papers focused on identifying the knowledge reuse technique described in the paper and classifying it with the approach presented in the third Section. The result of this classification is shown in Table 10 .
The most important finding of the literature review is that there is not much research available on knowledge reuse in production networks (RQ1). Only 68 papers as a result of the search is quite a low number. The same is true for the 6 papers found relevant. The published approaches focus on framework or module development, which in most cases have not entered the validation phase yet. The dominant scope considered is product knowledge. 
SME production network example.
In order to illustrate the use of the classification approach for investigating knowledge reuse approaches in SME production networks, this Section will briefly introduce an example of such a network. The example was one of the industrial case studies on distributed product development in the MAPPER project [42] and is based on a networked organization from automotive supplier industry. The network consists of independent companies in the automotive domain who cooperate in product design and development and also coordinate their activities for production and delivery. Organizations of this form use information technology to extend their value creation possibilities [43] and establish various links across their organizational boundaries to achieve the joint objective [44] .
The leading partner in the example network is a first tier automotive supplier from Sweden with its business area "seat comfort systems and components", working with development and manufacturing of products for trucks and cars world-wide. The products considered in the example are seat comfort products, like seat heater, ventilation for seats, lumber support and head restraint. Typical development processes of products in this business area encompass elicitation of system requirements based on requirements from car or truck manufacturers; functional specification; development of product architecture (logical and technical components); co-design of hardware, software, elec-trical and mechanical components; component and integration testing; and production planning including production logistics, product line and floor planning.
The first tier supplier performs this process in a geographically distributed setting, which involves engineers and experts at different locations in Scandinavia, which also includes SMEs. Many seat comfort systems and components are developed in product families, i.e., various versions exist and have to be maintained and specialized for different product variations made for different customers. In this context, fast and flexible engineering processes and the possibility to concurrently perform forward-engineering processes for different product variants is of crucial importance. In this context, information sharing and smooth reuse of knowledge from earlier product versions and network partners are key factors for efficient processes. Figure 1 shows a typical collaboration set-up for engineering seat comfort components in the example network. The customer for a new variant of a seat heater is an OEM (Original Equipment Manufacturer) for cars or trucks. The first tier supplier receives the order for engineering and manufacturing the seat comfort sub-systems for a new vehicle model. From the first tier supplier perspective, this order usually leads to a new variant in a product family. Several sub-suppliers and partners are involved in the engineering and production network, with responsibility for specific components, like the carrier cover and carrier material or the copper wires for the heating coil, or for selected services, like the controller design or manufacturing of the relay unit. The first tier supplier organizes and monitors the overall design process, contributes own components and engineering steps, and is responsible for the system integration. Enterprise engineering frameworks, such as GERAM [45] , recommend using enterprise models or partial enterprise models for capturing proven structures of how to organize processes, what actors and roles are required, and the specific resources needed for a certain task. One of the problems encountered when representing relevant knowledge of production network members with partial enterprise models for each network member is to identify the integration points between the individual partial models, i.e. the processes where collaboration takes place and what actors and resources are involved.
In this context, the concept of a "connector view" was developed with the intention to contribute to solving the problems with interconnecting collaboration processes and give a "network-wide view" of the collaboration. As a complement to the partial enterprise models, the connector view is a model which captures collaboration elements, i.e. a model solely focused on processes, actors and resources which constitute collaborative situations. For a defined partnership in a production network, the relevant partial enterprise models are integrated with help of the connector view which results in a model for the collaboration of the established partnership with cross-enterprise collaboration processes and information flows (see [46] for more details).
When classifying partial enterprise models and the connector view with the approach presented in the third Section, it shows that basically two techniques are used: the partial enterprise models are reused by instantiating them, i.e. they have to be considered as patterns; the connector views are blueprints for what to integrate in creating collaborative processes, which makes them templates.
Since partial enterprise models and connector views are meant for sharing experiences between enterprise engineers about how procedures or tasks should be designed, the reuse situation is "shared work procedures". These patterns are meant to capture not only a conceptual model, but all information for problem solving, which shows the capacity of the approach. Partial enterprise models will be used in organizations engaging in a collaboration, which makes organizations the primary addressee of the knowledge. The scope of the knowledge is "process" and "organization structures", as partial enterprise models are used to describe these two aspects of organizations. The use of the knowledge for designing the way of collaboration indicates that the development phase addressed is "design". As partial enterprise models and connector views were used in a number of real-world application contexts by people external to the development teams, the validation status of the approach is "external, in application context". The result of the classification is shown in Table 11 . 5. Validation of the Classification Approach. Already in Section 4 the knowledge reuse classification approach (Section 3) was applied when categorizing what knowledge reuse approaches are relevant for SME production networks. However, in the previous Section the developers of the categorization applied the approach, i.e. it was an internal validation of the approach. In contrast to the previous Section, this Section will take an external perspective when validating the classification approach, i.e. persons from outside the development team will use and evaluate the approach. The purpose is to check whether the knowledge reuse classification is applicable when practitioners investigate reuse in SME production networks.
In previous validation attempts [10] , the classification criteria have been applied for technological and organizational approaches from computer science and business information systems. If we want to meet our ambition to support practitioners in selecting the right technique, the criteria have to be understandable even in this context. At the same time, performing the classification will -at least for the given selection of papers -show what knowledge reuse techniques actually are in use in SME networks and which potentially should receive more attention.
The validation requires that the approach under consideration is applied and evaluated by actors which were not involved in developing it. Thus, the evaluation of knowledge reuse approaches in SME networks was performed in two seminars at different occasions with different student groups in different educational settings. The first seminar was organized in autumn 2014 in a master course on Knowledge Representation at Rostock University, Germany. Participants were 12 master students, all of them with a Bachelor in Business Information Systems. Seminar 2 took place as part of a summer school in spring 2015 at Berlin University of Technology. Participants were more than 20 PhD students and master students. Both seminars followed the same set-up and work process:
 a 4 hour time frame was arranged, which consisted of 1,5 hours lecture, 1,5 hours group work and one hour discussion of the group work results;  the lecture introduced the term knowledge reuse, related areas from knowledge management and knowledge engineering, examples for knowledge reuse techniques and the classification approach, i.e., the lecture basically had the same content as the first four Sections of this paper;
 the group work part had the task for each group to use the classification approach for investigating and classifying the technique of knowledge reuse applied in a given SME network. Each of the SME networks to be investigated was documented in a scientific publication. The participants formed groups of two or three students and selected themselves which SME network to work on. No group was allowed to take the same paper as another group. The papers selected for the group work are listed in Table 12 ; Table 12 . Papers on SME networks selected for the seminars No.
Paper  the discussion of the group work results consisted for each group of a short description of the publication analyzed and the classification reached. This classification was discussed with the other seminar participants. Furthermore, each group had the explicit task to reflect on suitability of the different classification criteria for the given purpose, on the applicability of the criteria, i.e., are the criteria described in a way which allows to clearly distinguish the different categories, and whether criteria or aspects for classification were missing or superfluous. In seminar 1, the participants had to summarize their results in a short report; in seminar 2, the results were captured during discussion.
The results of the group work in the three seminars are summarized in Table 13 regarding the classifications which were detected for each technique. Table 13 . Summary of the classification results from all seminars for the papers listed in Table 5 Paper no. Due to the different number of participants and due to the possibility for each group to select their publication to evaluate, some papery were classified by two different groups simultaneously. Regarding the suitability of the classification criteria, the participants of the seminar confirmed that it was possible to use the criteria for analyzing the characteristics of knowledge reuse techniques and to classify the techniques described in the provided papers.
The classification results discussed above and shown Table 13 support this impression. For the applicability, most criteria were perceived as sufficiently clear defined and applicable in practical use: reuse technique, reuse situation, capacity of knowledge representation, validation status, and phase of solution development. The criterion which received criticism in seminar 2 was the scope of the knowledge. The participants of this seminar expressed that the product and process perspective were not sufficiently distinguishable, which was solved by additional explanations by the teacher during the seminar. Seminar 1 did not raise this question, probably because they both had a solid education in enterprise modeling which emphasizes the distinction between product and process knowledge. The implication for the classification approach is that the aspect should be more clearly explained and illustrated with examples.
Criticism from both seminars was expressed regarding the target group criterion "addressee". A knowledge representation technique suitable for an individual in his daily work also will be of use for the organization this individual is working with. On the other side, knowledge meant for the organization will usually be applied by the individuals in the organization. In order to : If the knowledge reuse technique cannot be applied by an individual alone but need organizational structures, like roles or processes, than the technique is to be classified as meant for organizations, not for individuals.
6. Discussion: Knowledge Reuse Types relevant for SME Production Networks. The example network presented in the third Section of the paper investigated the need for knowledge reuse of an industrial network in collaborative product engineering. The conclusion from this case was that the reuse techniques relevant for the network were "patterns" and "templates" with the purpose to capture "shared work procedures" as the reuse situation. The scope of knowledge to be reused concerned "processes" and "organization structures" with the addressee being the "organization" as such. The capacity required of the reuse approach is to support "problem solving". Although this situation concerns only the knowledge reuse in one specific production network, it can be used as a starting point or initial hypothesis what typical knowledge reuse needs of networks might be. Validation of such a hypothesis should be done by either studying existing infor-mation about networks, or the currently existing networks themselves, or both. As studying the network themselves would not be realistic due to the efforts involved and the need to make all such networks cooperate, we propose to in the first step focus on published information.
In the previous Section, we studied the available information about knowledge reuse in such networks by identifying published work in the field and by using our classification approach. In this context, it was important not to ask the developers of the classification approach to evaluate the identified papers but to use analytically trained people from outside the development team, in this case two student groups.
The results of this work are summarized in Table 13 which shows the knowledge reuse classification for the identified papers. When evaluating the results from the perspective of our hypothesis, we put specific weight on papers and cases that have the maturity level of being applied in practice (i.e., "external, in application context"). Regarding the reuse technique, these papers confirmed the hypothesis from the industrial case that templates and patterns are relevant, but they also show that, in a number of cases, no technique at all is applied. In these cases of no visible technique, the capacity of knowledge reuse achieved also is "none" -which is not surprising but indicates that in these cases no reuse approach for explicit knowledge was used at all but that these cases basically address sharing implicit knowledge. This impression is supported by the reuse situation found in these cases which is "shared work practitioners", i.e. the practitioners exchanging knowledge faceto-face without explicating it. The reuse situation commonly supported by template or pattern as reuse technique is "shared work procedures" -which also was the case in the industrial case study.
Regarding the capacity of the knowledge reuse approach, there is no clear picture from the analysis of the papers: vocabulary, conceptual model and problems solving (like in the industrial case) can be found. The most frequent addressee of the knowledge in the literature cases is the organization, but also individuals are seen as addressee. This confirms the hypothesis from the industrial case but also indicates that individuals should be added. The scope of the knowledge in all cases includes processes and in all but one case also includes organization structures, which confirms the hypothesis from the industrial case. When it comes to the phase of development, design always is included and in most cases all phases are relevant. Table 14 summarizes our analysis on what kind of knowledge reuse approaches are of specific relevance for production networks and SME networks: templates or patterns capturing processes and organization structures for sharing of work procedures on the level of an organization or an individual role. This knowledge should be validated in a real-world application context and is required for all phases of solution development with specific focus on the design phase.
7. Summary and Future Work. Starting from an existing classification approach for knowledge reuse techniques and a review of literature on knowledge reuse in SME production networks, the paper evaluated the classification approach for knowledge reuse techniques regarding its suitability for use in SME networks. The criteria included in the approach are reuse technique, reuse situation, capacity of knowledge representation, addressee of knowledge, validation status, scope and phase of solution development. The most important finding regarding knowledge reuse in SME production networks is that there is not much research available on this topic. The published approaches focus on framework or module development, which in most cases have not entered the validation phase yet. The dominant scope of the existing approaches is product knowledge. An application for this productcentric view could be that mainly physical products have been in focus of such networks whereas product-service combinations mostly are considered internally by enterprises. With an increasing number of service networks, this aspect might change which would result in an increased importance of the process view. Future work to this end should develop practice oriented reuse techniques for combined product and process knowledge ready-made for adaptations in SME. Even knowledge reuse approaches covering a combination of product, process, organization and systems perspective at the same time have to be considered, as these perspectives are mutually dependent.
Suitability and applicability of the classification approach for knowledge reuse techniques were evaluated by applying them on different knowledge reuse studies reported in research papers which by intention were selected from different areas of SME networks and by using them as part of an assignment in different seminars in university education on PhD and master student level. The classification approach was perceived applicable, suitable and useful for the intended purpose. By analyzing the industrial case and the literature published about such cases, we also presented our view on those kinds of knowledge reuse in particular relevant for SME production networks.
One part of future work will be to perform various refinement and improvement activities of the classification approach:
 The criteria receiving criticism during application in the seminars need improvement  The categorization for each individual criterion should be checked one more time for completeness. For this purpose an extensive literature study will be performed  The way of how to perform the classification for a given knowledge reuse approach should be described in more detail as a guideline Another important part of the future work will be to revisit the initial motivation for developing the classification: to support practitioners in finding and selecting the right knowledge reuse approach for a given problem or application scenario. For this purpose, much information included in the classification is supposed to be useful and required, like the reuse situation and the technique. However, it will be crucial to better understand the drivers and frame conditions of knowledge reuse in organizations. Probably, typical motivations like automation for higher efficiency or standardization as means to raise quality will not be sufficient. New application domains, such as internetworked e-work, are considered as promising fields for knowledge reuse. New case studies in this field are expected to provide first insights [47] .
